A very early consequence of excessive alcohol ingestion is a reduction in the capacity of the human liver to store injected bromsulphthalein (BSP) at concentrations above those in the plasma (Wilkinson, O'Day, Breen, and Rankin, 1968 Ethanol too is metabolized by the liver cell, though by pathways which are probably quite distinct from those of BSP elimination. Any interrelation or interdependence between the metabolism of the two substances would suggest some common mechanism. This paper reports a study in which ethanol degradation and BSP metabolism were measured simultaneously in a group of patients with acute alcoholic liver disease. It was hoped that such a study might provide further information, not only about thenature ofthe storage defect caused by excessive drinking, but also about pathways of normal BSP metabolism. Patients with established cirrhosis were excluded since permanent changes in both BSP metabolism (Wheeler, Meltzer, and Bradley, 1960; Preisig, Williams, Sweeting, and Bradley, 1966) and alcohol degradation (Bauer, 1948-49; Bernstein and Staub, 24 
A very early consequence of excessive alcohol ingestion is a reduction in the capacity of the human liver to store injected bromsulphthalein (BSP) at concentrations above those in the plasma (Wilkinson, O'Day, Breen, and Rankin, 1968) . This biochemical defect, which is unrelated to morphological changes in the liver, occurs without alteration in biliary excretion of the dye, and is reversiblewith abstinence. The defect appears to be a direct toxic effect of ethanol for it is related to the time since alcohol was last drunk, but not to the type of alcoholic beverage nor to the patient's nutritional state.
The mechanism by which ethanol produces this biochemical abnormality is not clear. Possible explanations include changes in hepatic blood flow, alterations at the cell boundary, or damage to intracellular enzymes. Ethanol has been shown to produce ultrastructural changes in the livers of alcoholic (Rubin and Lieber, 1967) and non-alcoholic volunteers (Rubin and Lieber, 1968 ) independent of nutritional factors. Among the cytoplasmic organelles consistently altered was the smooth endoplasmic reticulum, which is known to be a primary site for drug metabolism (Conney, 1967) . Damage to this structure could thus lead to altered BSP metabolism.
Ethanol too is metabolized by the liver cell, though by pathways which are probably quite distinct from those of BSP elimination. Any interrelation or interdependence between the metabolism of the two substances would suggest some common mechanism. This paper reports a study in which ethanol degradation and BSP metabolism were measured simultaneously in a group of patients with acute alcoholic liver disease. It was hoped that such a study might provide further information, not only about thenature ofthe storage defect caused by excessive drinking, but also about pathways of normal BSP metabolism. Patients with established cirrhosis were excluded since permanent changes in both BSP metabolism (Wheeler, Meltzer, and Bradley, 1960; Preisig, Williams, Sweeting, and Bradley, 1966) and alcohol degradation (Bauer, 1948-49; Bernstein and Staub, 24 1948; Lieberman, 1963) The patients were studied after a period of alcohol withdrawal which varied from two to 21 days. No medication was given during the period of study apart from oral chlordiazepoxide in doses of 40 to 100 mg/day and oral or intramuscular vitamin supplements.
The clinical and laboratory findings of the patients are summarized in Table I .
PROCEDURE The patients were studied after an overnight fast, within 48 hours of liver biopsy. Measurements of alcohol degradation and of relative storage capacity and biliary excretion maximum for BSP (SBSP and TmssP) were combined in a single procedure. Each patient first received a measured dose of'ethanol by constant travinenous infusion controlled by a Harvard multispeed pump. It was administered through an indwelling catheter inserted into one antecubital vein. The ethanol was immediately followed by two infusions of a BSP solution. Samples of venous blood were collected from the opposite arm into heparinized tubes at suitable intervals for the estimation of whole blood ethanol and plasma BSP concentrations. At the end of the second BSP infusion the plasma volume was estimated using 1311-labelled human albumin. Obrink's (1955) modification of the Conway microdiffusion method (1950) . In the earlier estimations excess dichromate remaining after oxidation of the ethanol was measured titrimetrically, but later it was measured spectrophotometrically as recommended by Powell and Ellam (1964) .
The method described by Lieberman (1963) (1957) .
The rate of change of plasma BSP (P1 and P2) was calculated mathematically for the two infusion periods and from them and the plasma volume (PV) SBSP and TmBsp were calculated using the formula I = Tm + P (PV + S) where I = amount of BSP infused. SBSP was expressed as milligrams of dye stored per milligrams per 100 ml of plasma concentration (mg/mg/100 ml) and TmB;sp as milligrams of dye excreted per minute (mg/min).
RESULTS
The infusion of ethanol immediately before BSP did not affect the hepatic elimination of BSP in terms of values for SBSP and TmBsp in the three patients studied twice (Table II) . (1966) are SBSP = 69 ± 17 mg/mg/ 100 ml and TmBSP 9.6 ± 1.9 mg/min. Alcohol degradation rates were not reduced. They varied from 10-8 to 57-6 mg/100 g whole blood/hr (mean 28.0 ± 12.6) or 101 to 178 mg/kg body weight/hr (mean 136 ± 23). These values agree well with those obtained by Asada and Galambos (1963) who intravenously administered ethanol (23-8 ± 9.3 mg/100 g whole blood/hr) and are slightly higher than those obtained by Bernstein and Staub (1948) and Lieberman (1963) (Sherlock, 1968) . The degradation rates for ethanol obtained in this study are higher than the normal ranges reported by Bernstein and Staub (1948) and Lieberman (1963) . These authors administered ethanol orally, but Asada and Galambos (1963) , who gave it intravenously to normal subjects, found rates comparable to those reported here for alcoholic patients. This suggests that our rates are normal for the intravenous route of administration, and that there has been no increase in the hepatic metabolism of alcohol in our patients.
It is apparent from our results that BSP metabolism is a very sensitive index of liver function in alcoholic liver disease. Severe depression of SBSP can coexist not only with normal microscopic appearances in the liver (Wilkinson et al, 1968) but also with normal rates of ethanol metabolism. This depression was not caused by competition or interference with BSP metabolism by the infused ethanol, since in the three patients studied twice SBSP was not improved when it was measured again without a simultaneous infusion of ethanol.
Ethanol reaches the liver cell by way of the portal venous and hepatic arterial blood supply. As it is so readily diffusible it enters the cell rapidly and without difficulty. Inside the cell it is oxidized by means of the cytoplasmic enzyme alcohol dehydrogenase (ADH). The rate of oxidation is dependent not only on the rate of delivery of ethanol to the liver and on the activity of ADH in the liver cell, but also on the availability of nicotinamide adenine dinucleotide (Lieber, 1965) .
By contrast BSP, which reaches the liver by the same route, enters the liver cell much less easily since it has a larger molecule and is bound to plasma albumin. Once inside the cell it is stored against a gradient between the cell and the plasma across the cell wall before being excreted in conjugated form into the bile (Wheeler et al, 1960) . It is not known how the transfer of dye across the cell wall is effected, nor how the dye is stored against the hepatocyteplasma gradient. Furthermore, it is not clear whether conjugation with glutathione occurs during uptake, storage, or later. However, irrespective of whether the dye is stored in conjugated or unconjugated form, it seems likely that energy-dependent enzymic processes are involved. From our observations these must differ from those concerned with ethanol breakdown, since severe defects of bromsulphthalein storage can exist in patients who have normal rates of ethanol degradation.
The storage defect could result from damage to some intracellular enzymic process, but this would have to be distinct from the alcohol dehydrogenase system, which is in the matrix of the cytoplasm. Damage to microsomal enzymes is a possible explanation, for structural changes in the endoplasmic reticulum of liver cells have been observed very early in the development of acute alcoholic liver disease (Rubin and Lieber, 1967) . Similar changes have also been produced in the livers of young non-alcoholic volunteers who were given large amounts of ethanol with adequate diets (Rubin and Lieber, 1968) .
Alternatively the defect could well be located at the hepatic cell wall. If this structure were altered in some way the easily diffusible ethanol would be able to enter the liver cell unimpeded but BSP uptake might be delayed. These possibilities can be investigated further by studying in alcoholic patients the elimination of other drugs handled by the liver, simultaneously with the measurement of BSP metabolism.
SUMMARY
It has been shown previously that prolonged excessive consumption of ethanol is associated with a reversible depression of bromsulphthalein storage (SBSP). In order to explore this abnormality further, measurements of the rate of alcohol degradation and the relative storage capacity (SBSP) and biliary excretion maximum for BSP were combined in a single infusion procedure in 16 male patients who had recently been drinking excessive amounts of alcohol. Needle biopsies of the liver were performed on all patients and none was found to have histological evidence of cirrhosis. SBSP and TmBSP estimations were repeated within 48 hours in three patients without simultaneous ethanol infusion.
A wide range of SBSP values, varying from 2 to 77 mg/mg/100 ml, were obtained. The BSP values and alcohol degradation rates were within normal limits. No correlation was found between SBSP and alcohol degradation rate; values for SBSP and TmBSP did not change when BSP was infused without ethanol.
Possible sites in the liver cell for the defect of bromsulphthalein storage which occurs in acute alcoholic liver disease are discussed. 
